In recent decades, dependence on fossil fuels resources has shifted into derivation of cellulose based materials to replace the non-renewable resources. Lignocellulosic biomass is the most abundant feedstock on earth and is one of the promising renewable and sustainable resources. In the present study, simple preparation of nanocellulose particles by using ionic liquid (1-butyl-3-methylimidazolium hydrogen sulfate) has been introduced by investigating the influence of reaction temperature (room temperature and heat treated at 90°C). The resultant samples were characterized using X-Ray Diffraction (XRD) and Fourier-Transform Infrared Spectroscopy (FTIR). Interestingly, it was found that the high crystallinity sample could be synthesized at temperature of 90°C. The reason might be attributed to ionic liquid enter into the space between cellulose chains and caused cellulose molecules progressively swelled up when heated. Consequently, amorphous regions of cellulose were dissolved by ionic liquid and crystalline parts of cellulose were leave in the cellulose structure. From the XRD data, it could be observed that sharper crystalline peak and higher crystallinity index (CrI) present within heat-treated samples which corresponded to higher crystalline structure of cellulose I. While the broader peak and lower CrI of untreated cellulose samples indicated lower crystalline structure of cellulose I. Pretreatment of cellulose with ionic liquid can provides a facile approach for the preparation of nanocellulose particles with high crystallinity.
Introduction
Cellulose is a natural linear homopolymer that consists of monomer D-anhydroglucose units joined together via β-1,4-glycosidic linkages [1, 2] . Nanocellulose (NCC), also known as nanocrystalline cellulose is the cellulose with diameter in 1-100nm range and tens to hundreds of nanometers in length with relatively high aspect ratio (~70) and highly crystalline structure properties [3] . Nanocellulose, being in nanometer size, has large surface area (ca. 150 m 2 /g) as compare to cellulose counterparts [4] . NCC has became increasingly popular for the past decade because of its unique properties such as low density, high tensile strength (~300GPa), high Young's modulus (~150GPa), modifiable surface properties, biodegradability, biocompatible as well as great availability from renewable resources [4] [5] [6] [7] . Nanocellulose has many potential applications in wide range of industries such as nanoreinforcement in polymer matrices [6] [7] [8] , optical and electronic devices [4, 7] , regenerative medicine, molecular biology as well as automotive application [7, 8] . Besides that, NCC has been applied in various industries such as thickener in cosmetics, fat replacement and texturing agent, stabilizers in food industry, high quality paper products and furniture and also composites materials for construction and vehicles [1, 4, 5, 9] .
Typically the preparation of NCC consists of three main stages: pre-treatment of cellulose in which the most common method is acid hydrolysis to break down the amorphous part of cellulose, addition of anti-solvent to regenerate the cellulose and followed by treatment of sonication to disperse the NCC uniformly [2, 6, 7] . However, pretreatment methods such as acid hydrolysis, steam explosion, mechanical milling, organic solvent process and TEMPO-mediated oxidation processing have several drawbacks such as long reaction time, low yield with high energy demand and time consuming, high cost of production, the use of toxic solvent, difficultly in separation from the medium and will caused environmental pollution [7, 10, 11] . Herewith, we presented a research study for the preparation of NCC with environmental friendly ionic liquid. Ionic liquids are known as "green solvent" because they exhibit some excellent characteristics such as chemically and thermally stable, low vapor pressure, non-flammable, low volatility and recyclable [7, 8, 10, 12] . In addition, ionic liquids are capable of dissolving cellulosic biomass and this introduced an approach to dissolve biomass.
In the present study, 1-butyl-3-methylimidazolium hydrogen phosphate (BmimHSO4) ionic liquid is used as the catalyst as well as the solvent for the reaction to prepare NCC. The influence of treatment of heat on cellulose to yield NCC was investigated and interestingly, it was found that highly crystalline NCC could be prepared after heat treatment with ionic liquid. This might attributed to the amorphous region of cellulose were selectively removed by ionic liquid and crystalline parts of cellulose were leave in the cellulose structure [6] . Therefore, pretreatment of cellulose with ionic liquid required less energy, ease of processing and provided an environmentally approach to prepare nanocellulose with high crystallinity [6, 10] .
Experimental Method
A procedure of pretreating cellulose at 10 wt% loading by using 1-butyl-3-methylimidazolium hydrogen sulfate (BmimHSO4) was described as below. In this context, 10 wt% of α-cellulose was mixed with BmimHSO4 and treated at temperature of 90˚C for an hour at ambient condition. Then, 20 mL of cold deionized water (DI water) was added into the reaction mixture to lower the temperature of the mixture as well as to quench the reaction. A precipitate was formed upon the addition of water. After that, the mixture was sonicated at room temperature for 20 minutes. Subsequently, the sample was centrifuged at 7,800 rpm for 15 minutes and washed repeatedly with DI water to remove the BmimHSO4. The precipitate collected was freeze dried for 3 days and stored in refrigerator at 4˚C before performing characterization. Meanwhile, the recover supernatant that contained BmimHSO4 was collected to evaporate the water by rotary evaporator and subsequently freeze dried. White powder of NCC obtained was further analyzed by X-Ray Diffraction (XRD) to study the phase structure of NCC while Fourier Transform Infrared Spectroscopy (FTIR) to investigate the functional groups.
The crystalline phase and crystallinity index were studied using an X-ray diffractometer (D8 Advance, Bruker AXS) equipped with CuKα radiation (λ=1.5418 Å) in 2ϴ range of 5-60° in step mode with a step of 0.01° and a rate of 1°/min. The operating voltage was 40 kV and the current was 40 mA.
The crystallinity index (CrI) was determined by using Segal's method as stated below.
where I200 is the maximum intensity of (200) lattice diffraction peak at 2ϴ = 22° and Iam is the intensity of the baseline at 2ϴ = 18° [6, 13] .
The crystallite size of each sample perpendicular to (200) planes, w (nm), was calculated by using Scherrer Equation:
= cos where ϴ is the diffraction angle, K = 0.94 (correction factor), λ = 0.154 nm and β is the corrected angular width in radians at half maximum intensity of the (200) peak [14] .
The FTIR spectra for cellulosic sample were recorded on a Fourier transform infrared (FTIR) instrument (Bruker-IFS 66) in the range of 4000-400 cm -1 with a resolution of 4 cm -1 . The dried cellulosic samples were grounded into powder by a fiber microtome and then blended with KBr powder before pressing the mixture into ultra-thin pellets.
Results and Discussion
In this research study, XRD patterns was used to analyze the crystallinity of untreated α-cellulose and NCC. The XRD patterns of α-cellulose and NCC were as shown in Fig. 1(a) and Fig. 1(b) , respectively. Both α-cellulose and NCC exhibited 2 obvious diffraction peaks of characteristic cellulose I structure which are at 2theta = 15.6° corresponds to plane (110) and 2theta = 22.5° corresponds to (002) plane. The NCC that regenerated from ionic liquid has preserved cellulose I structure because it contained same phase structure as untreated cellulose. Based on the literature, it could be noticed that plane (110) is a characteristic peak of the amorphous part of cellulose while (002) is the crystalline region of cellulose [15, 16] . In addition, it was found that synthesized NCC showed stronger intensity of (002) peak as compared to the untreated cellulose. This observation inferred that NCC contained high crystalline as compared to untreated cellulose. In fact, this condition could be understood that amorphous phase of cellulose was selectively removed by interaction with ionic liquid at high temperature of 90 °C. Furthermore, both the crystalline size and crystallinity index (CrI) of cellulose samples can be calculated using Scherrer equation and Segal's method respectively. All of crystallinity index and crystalline size for both synthesized samples were summarized in Table  1 . Our research finding was found in corraborated with work done by Man and his co-workers in which trend of increase in crystallinity index and reduction in crystalline size were observed in NCC [6] . FTIR spectra of untreated cellulose and NCC are shown in Fig. 2(a) and Fig. 2(b) respectively. Based on FTIR analysis, both untreated cellulose and heat treated cellulose with BmimHSO4 (ie. NCC) exhibited same functional groups and chemical structures. A broad band in the range of 3500-3200 cm -1 exhibited by both untreated cellulose and NCC indicated the stretching vibration of free -OH groups due to the hydrogen bonding in cellulose molecules. Moreover, the spectra showed sp 3 C-H stretching vibration around 2870 cm -1 . Besides that, -OH bending of absorbed water at 1640 cm -1 attributed to interaction of cellulose with water molecules. A small vibration band at 1365 cm -1 in both spectrum could be identified as the characteristic bending vibration of C-H and C-O bonds within the aromatic rings of polysaccharide. Furthermore, a sharp peak was observed at 1061 cm -1 . This resultant peak was caused by stretching vibration of C-O-C pyranose ring of cellulose molecules. Fingerprint region of spectra at 620 cm -1 showed the characteristic vibration of wagging, deformation and twisting modes of anhydro-glucopyranose [1, 2, 6, 13, 16] . Interestingly, there was no other peaks of ionic liquid could be detected from the FTIR spectra, which manifested that BmimHSO4 was completely washed off from the cellulose. Thus, FTIR spectra confirmed that heat treatment with ionic liquid to the cellulose did not affect or change the chemical compositions of the cellulose significantly [6] . 
Summary
In the present study, nanocellulose with high crystallinity was synthesized successfully by using BmimHSO4. This was consistent with XRD results in which NCC that synthesized at 90˚C was found to have stronger intensity of the peaks and higher crystallinity index. However, NCC obtained was found to contain water due to presence of -OH hydrogen bonding as determined by FTIR spectra. The preparation of NCC by using ionic liquid offers a simple and environmental friendly approach as ionic liquid can regenerate and reusable.
